Abstract: The paper presents the results of the model computation of actual and potential evapotranspiration as well as evaporation measurements from the GGI-3000 Pan (evaporimeter) at 3 selected stations of Slovakia for the periods 1971-2000 (2 stations) and 1986-2000 (1 station). The localities are situated in the most southern parts of Slovakia in 1 st Oak stage and on southern slopes of the Carpathian promontories. A model computation of the monthly totals of actual and potential evapotranspiration was performed by a common solution of energy and water balance equations of the top one-meter layer of the soil. The model outputs are compared to the measurement data. The dependence of the ratio of actual evapotranspiration/ evaporation measured by the GGI-3000 Pan (E/Ep) on relative evapotranspiration (E/Eo), when E, Eo are calculated, is linear with a high correlation coefficient during the season from April to October. The paper also gives the comparison results of the mean monthly and annual air temperatures, temperatures of active and saturated surface with the mean monthly temperature of free water surface in the GGI-3000 Pan at these 3 stations (Bratislava-Koliba, Somotor and Žihárec). It was found that the mean free water surface temperature for the period from April to October is close to the mean temperature of saturated surface during that period. The mean temperatures of free water surface in the GGI-3000
Introduction
Evapotranspiration from the surface depends on a whole range of factors, from which the total radiation balance of evaporating surface, water content in soil and plants and turbulent situations of the atmosphere are the most important ones. Total radiation balance (the difference between global radiation absorbed by evaporating surface and the balance of long-wave radiation) depends on the sun altitude, geographic latitude, altitude above sea level, cloudiness, volume of water vapour and solid particles in the atmosphere, temperatures of the air and the active surface as well as surface albedo. Turbulent flow of water vapour from the surface to the atmosphere is determined by its vertical gradient and the wind field above the evaporating surface (Tomlain 2000) . The submitted paper shows results of evaporation measurements by means of the GGI-3000 Pan at 3 climatologic stations: Bratislava-Koliba (ϕ = 48
• 10 N, λ = 17
• 07 E, h = 286 m a. s. l.), Somotor (ϕ = 48 • 24 N, λ = 21
• 49 E, h = 100 m a. s. l.) and Žihárec (ϕ = 48 • 04 N, λ = 17
• 52 E, h = 111 m a.s.l. • C (January). Annual rainfall between 550 mm and 600 mm. Dominant soil types are: fluvisoils, fluvic phaeeozems and luvisoils. The active surface temperature, saturated surface temperature and temperature of the free water surface calculated from data of the stations mentioned above are compared in this study. A potential evapotranspiration surplus in comparison with a volume of rainfall often occurs here in particular during vegetation periods. It means that growing forest ecosystems have to draw water from its supply (trunks, soil and groundwater) accumulated during cold seasons of a year. These conditions are particularly favourable for asserting forest steppe tree-species that are physiologically adapted to an existing deficit of water. As presented by Šk-varenina et al. (2004) , the detected water deficit during summer months can be considered as the main reason for lacking beech, spruce and fir in this region. On the other hand, these forest stands are often exposed to drought (Lichner et al. 2007; Tesař et al. 2006; Tužinský & Gömöryová 2008) and fire hazards, as well (Holécy 2004; Holécy & Hanewinkel 2006) .
Material and methods
The Department of Astronomy, Physics of the Earth and Meteorology of the Faculty of Mathematics, Physics and Informatics of Comenius University in Bratislava has developed a mathematic-physical model to estimate the energy balance equation components (total radiation balance and its components, sensible heat flux, latent heat flux, soil heat flux). This model is based on a common solution of energy and water balance equations (Budyko et al. 1978) . The input data are: air temperature and humidity, cloudiness, number of days with snow cover and precipitation, i.e. meteorological elements regularly measured in the network of meteorological stations in Slovakia. Because cloudiness plays an important role in the model calculations, all the cloudiness monthly data have been tested for homogeneity and homogenized using measured sunshine duration data. The time series of the monthly potential evapotranspiration totals (Eo) are given by the equation of water vapour diffusion into the atmosphere:
where ρ is the air density, D is the integral diffusion coefficient, qs is the saturated specific humidity at the temperature of evaporating surface and q2 is the specific humidity in meteorological shelter. The temperature of saturated surface (tw in • C) is such a temperature when the equation of energy balance of saturated surface (2) is fulfilled
where R is the total radiation balance, P is the heat flux in the soil, H is the sensible heat flux, and L is the specific latent heat of evaporation. P in this model depends only on the annual air temperature amplitude. The formula (3) was applied to the computation of monthly radiation balance sums of saturated surface (Budyko et al. 1978) :
where Go is the global solar radiation at clear sky, k h is the coefficient characterizing the mean reduction of global solar radiation by clouds and influence of surface albedo, N is the average monthly cloudiness, α is the surface albedo, ε is the emissivity, e is the water vapour pressure, σ is the StefanBoltzmann constant, Ta is the air temperature in K, Tw is the temperature of saturated surface in K, and A, B and C h are coefficients. Sensible heat flux was estimated from the relation
where cp is the specific heat of the air at constant pressure and D is the integral coefficient of eddy diffusion. After substitution of R and H in equation (2) and after rearrangement we obtain
The actual evapotranspiration is supposed to be proportional to the potential evapotranspiration as follows:
where W is specified as the water stored in the upper one meter soil layer, Wo is the critical value above which E equals Eo. The average soil moisture W = (W1 + W2)/2 is determined from the water balance equation by the method of step-by-step approximation (W1 is the moisture stored in the soil at the beginning and W2 at the end of the month).
The Wo usually represents a layer of 100 to 200 mm water with seasonal and regional variations (Hrvoľ et al. 2001 ). The mean monthly active surface temperature Ts was computed according to formula
Evaporation from a free water surface, Ep, is measured by means of the GGI-3000 Pan daily at 7 o'clock (water temperature is measured 3 times a day) in days without frost (from the 1 st April to the 31 st October). Some data of evaporation monthly totals, mainly in April, July and October, were missing. They had to be completed on the basis of linear regression relation between the ratio of E/Ep and relative evapotranspiration E/Eo. The data in Tables 1 and  2 with completed values are printed in bold.
Results and discussion
The mean monthly evaporation totals as well as totals of actual and potential evapotranspiration from April to October for both considered periods are introduced in Table 1 . 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 The maximum mean monthly totals of evaporation and potential evapotranspiration occur at all the stations in July, the minimum ones in October. The greatest mean monthly value of E o for the period 1971-2000 was computed for Somotor: 127.6 mm. Somotor also has the greatest mean value of actual evapotranspiration 82.6 mm in May. In the period of measurements from April to October, the smallest mean total of actual evapotranspiration was estimated in Žihárec (376.1 mm). The relative evapotranspiration ranges from about 58-63% at the research stations for the period from April to October. The greatest mean value of evaporation for the period 1971-2000 was measured at station Bratislava-Koliba (537.2 mm).
The long-term course of potential and actual evapotranspiration as well as evaporation totals at station Bratislava-Koliba for the whole period from April to October is illustrated in Fig. 1 .
We can see that the curves of potential evapotranspiration and evaporation totals have a similar course. The ratio of evaporation and potential evapotranspiration totals for the whole period are 85% at BratislavaKoliba and 82% at Somotor. The actual evapotranspiration totals are mostly smaller than evaporation from the GGI-3000 Pan. From Fig. 2 we can determine the value of relative evapotranspiration in percentages when actual evapotranspiration total for the whole period reaches the evaporation total from the GGI-3000 Pan. This value is 79% at station BratislavaKoliba (77% at Somotor).
Both characteristics, the evapotranspiration deficit E o − E and relative evapotranspiration E/E o , enable one to characterize humid conditions, so they can be used in mapping and also in agricultural modelling (Tomlain 2004) . When actual evapotraspiration reaches evaporation total for the season from April to October, the evapotranspiration deficit is bigger than 100 mm (Fig. 3) . The mean monthly temperature of air, active surface, saturated surface and of water level in the GGI-3000 Pan is introduced in Table 2 .
There the temperature averages are calculated for the whole season of measurement from April to October and the deviations of monthly averages of the free water level temperature from the air temperature, active surface temperature and saturated surface temperature. The temperature of free water surface is higher than the temperature of saturated surface in the months August, September and October. This fact is caused by bigger thermal inertia of water than that of soil. For the whole season of evaporation measurement from April to October the temperature of active surface is the highest. On average, the temperature of saturated surface differs only slightly from the temperature of free water surface in the GGI-3000 Pan. The differences are less than 0.2
• C. This fact allows us to calculate the mean potential evapotranspiration totals for the season from April to October according to Eq. 1 when the water vapour pressure is known. This equation can be written as
where e s is the saturated water vapour pressure at free water surface temperature for the season, e is the water vapour pressure in hPa and K is the coefficient. The coefficient K can be determined on average for the whole season from April to October on the basis of E o values in Table 1 Petrovič (1980) . We can see from Table 3 that the exactness of potential evapotranspiration computation for the season from April to September was about 10%.
We can conclude: 1) The relationship between E/E p and E/E 0 for the period 1971-2000 from April to October turned out to be linear with a high correlation coefficient.
2) The relative evapotranspiration ratio for the whole period (April-October), when actual evapotranspiration from the active surface reaches evaporation totals from the GGI-3000 Pan, is about 80% (79% at Bratislava-Koliba and 77% at Somotor).
3) The mean potential evapotranspiration totals for the season from April to October can be calculated by means of the mean free water level temperature measured in the GGI-3000 Pan.
4) The calculated mean temperature of saturated surface for the season from April to October is close to the measured mean temperature of free water level in the GGI-3000 Pan for this season. A tendency of increasing water surface temperature in the GGI-3000 Pan was observed for the season from April to October during the period 1971-2000. 5) Forest steppe species in the 1st Oak vegetation stage are physiologically adapted for conditions of water deficit and drought mainly during summer. Plants growing in these conditions have to draw water from reservoirs in the groundwater, in the soil and in the phytomass during cold season of a year.
